SUMMARY The properties of 125 C fibre units recorded from the peripheral nerves of conscious man were studied. On the basis of receptive field properties and responses to natural stimulation, 120 of the units were classified as polymodal C nociceptors. Five of the units were identified as specific C warm receptors. In contrast to the polymodal nociceptors, which often had comparatively large and complex receptive fields with several receptive maxima, receptive fields of the thermoreceptors consisted of one single spot. Polymodal nociceptors responded readily to moderately intense and noxious mechanical stimuli whereas the warm receptors produced inconsistent responses to even intense mechanical skin stimulation. Thermal stimulation in the innocuous range, perceived as warmth, optimally excited the thermoreceptors whereas the polymodal C nociceptors fired most intensely to noxious painful heat. (cf ref 7, 11, 18). Briefly, suprathreshold 0-2-0-3 Hz electrical shocks were delivered in the cutaneous receptive field of C afferents. The spikes were discriminated with a Schmitt trigger and the responses to successive stimuli were displayed as a dot raster. Mechanical or thermal stimuli were applied occasionally during the repetitive electrical stimulation. The response of a unit to the natural stimuli could be observed as an increase in latency of the C unit to electrical stimulation in the raster display, owing to the decrease in conduction velocity of the C unit as a result of activation by the mechanical or thermal stimuli. Thermal stimuli were occasionally observed to cause an increase in conduction velocity (fig 1) presumably due to warming of the afferent fibre.19 One hundred and twenty of the units could be classified as polymodal C nociceptors and five as specific C warm receptors.
Microelectrodes percutaneously inserted into intact human skin nerves permit recording of neural signals deriving from the full nerve fibre size spectrum.1-3 Even single unit activity in unmyelinated C fibres has been identified.4-6 Afferent and efferent sympathetic C units can be differentiated4 7 and their properties have been described in some detail.46-8 Two types of afferent C units have been distinguished to date. The properties of polymodal C nociceptors have been investigated in several studies.6 [9] [10] [11] [12] [13] Only a few reports have been published about C warm receptors,12 1415 the other C-receptor type identified in man.
Particular emphasis was focused in this study on comparing the characteristics of polymodal C nociceptors with those of specific C warm receptors. Preliminary reports of the present results have been presented elsewhere.12 13 
Methods
Tungsten microelectrodes'6 percutaneously inserted into human skin nerves in situ were used to record afferent C fibre activity from 15 conscious subjects aged [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] years. They had no symptoms of any dermatological or neurological disease. Descriptions of the electrodes, the experimental procedure and the recording, display and analysis systems have been presented in detail previously.2 6 17 Material Unitary C fibre signals were recorded from the radial, peroneal or saphenous nerves. Of a total of 125 afferent C units studied, 42 single units could be identified by the amplitude and waveform of the action potential in the original neurogram, whereas the rest of the units were classified by a combination of electrical test shocks and physiological stimuli, as shown in figs 1 and 4 (cf ref 7, 11, 18) . Briefly, suprathreshold 0-2-0-3 Hz electrical shocks were delivered in the cutaneous receptive field of C afferents. The spikes were discriminated with a Schmitt trigger and the responses to successive stimuli were displayed as a dot raster. Mechanical or thermal stimuli were applied occasionally during the repetitive electrical stimulation. The response of a unit to the natural stimuli could be observed as an increase in latency of the C unit to electrical stimulation in the raster display, owing to the decrease in conduction velocity of the C unit as a result of activation by the mechanical or thermal stimuli. Thermal stimuli were occasionally observed to cause an increase in conduction velocity (fig 1) Electrical stimuli Electrical stimulation of the skin at 02-1 Hz was performed using a Grass S 48 stimulator (with a Grass SIU 5 stimulus isolation unit). The stimuli were applied through thin uninsulated steel needles, diameter 03 mm, inserted intradermally about 2-3 mm apart within the innervation zone of the impaled skin nerve fascicle. The conduction velocities of the nerve fibres were calculated by determining the latencies of the C units at the recording electrode and measuring the distance between the stimulating and recording sites.
Results

CHARACTERISTICS OF POLYMODAL NOCICEPTORS WITH C FIBRES I Identification and general discharge characteristics
In agreement with the characteristics of C nociceptors previously identified in man,6 911 21 the 42 units studied in the original neurogram were not active at normal skin temperature of around 35°C in the absence of intentional stimulation. Gentle mechanical stimuli such as bending hairs or touching the skin with cotton wool did not excite the C units. Nonpainful pressure or stimulation with coarse von Frey's hairs induced sparse activity in the C nociceptors and sometimes evoked sensations of pricking or slightly painful itch. The distribution of mechanical thresholds as obtained with von Frey's hair testing ranged from 07 g to 13 g. Typically the units were best activated by intense stimuli, such as needle pricks or heating the skin to painful intensities within the receptive field, stimuli which threatened to disrupt the integrity of the skin. The responses of 78 nociceptor endings obtained from 22 multifibre recordings could be analysed using the technique of a dot raster display. In the display shown in fig 1B four C nociceptors, "p", showed marked slowing of their conduction velocities when testing the skin with a von Frey's hair exerting a force of 8-3 g. Since the units all exhibited latency increases simultaneously when performing various tests at different sites in the skin, it was concluded that these C nociceptors had overlapping receptive fields. By contrast, the specific warm unit "w" did not respond with latency changes following mechanical skin stimulation but displayed slowing in conduction velocity after an increase of skin temperature within the receptive field ( fig 1C) . II C fibre responses to thermal stimuli Thirty of the polymodal C nociceptors reliably identified in the original neurogram were tested with well controlled temperature stimuli of up to 30 s duration, ranging from non-noxious to clearly noxious levels (38-52°C). Fifteen of these elements could be studied long enough for repeated testing of the units at a variety of skin temperatures. Figure 2A illustrates :.:. .' . . : ' """'''" " ' "'''''""'" @"''' "'' " "'^"" " " "' '""'' " * (fig 6) .
The qualitative aspects of a C warm receptor described above were studied in three additional units using the raster display technique. In contrast to the nociceptive C afferents which were excited by moderately intense mechanical stimuli, the C warm receptors were not excited by such stimulation. Slight warming of the skin, however, produced a slight latency increase for C warm units in the raster display (fig IC, top, fig 4C) . Typically, greater magnitudes of the applied temperature rise induced more pronounced latency increases. Polymodal C nociceptive units studied simultaneously showed a decrease in latency due to an increase in conduction velocity in the peripheral nerve fibre twigs by the mild heating ( fig 1C) . Only during intensely painful heating of the skin (33-47°C) did the heat-induced firing in the C nociceptors induce a latency increase of the units which partly counteracted the latency decrease evoked by the heating itself.
Discussion
CHARACTERISTICS OF SKIN RECEPTORS SUPPLIED BY C FIBRES IN MAN
In this investigation some characteristics of two main types of C fibre receptors in man are reported. The majority of the identified units derived from end organs which were excited by a variety of moderately intense and noxious mechanical, thermal and chemical stimuli in the skin. Even if our sampling technique in part may have been biased it seems safe to conclude that another much smaller group of C receptors responded specifically to thermal stimuli and most vigorously to innocuous warming, whereas any type or intensity of mechanical stimulation gave inconsistent responses (figs 1, 5).
The distinction between the two groups of C fibre elements was quite apparent. Receptors supplied by "nociceptive" fibres had comparatively large receptive fields often comprised of several point-like receptive maxima spread out in the skin. Stimulation of individual receptive maxima could evoke similar or quite different responses (fig 3) . Skin regions between the maxima were much less sensitive to stimulation. In addition these units had no ongoing activity in the absence of intentional stimulation. They responded most intensely to noxious mechanical or thermal stimuli and enhanced responsiveness of some of these C units could be demonstrated following repeated testing with noxious heat.13 The properties of the units were in good general agreement with those of polymodal nociceptors and their namesakes previously described in cat23-25 and monkey20 [26] [27] [28] and the same as for those previously called polymodal C nociceptors in man.9 11 21
By contrast the receptive field of the thermosensitive units consisted of only one small spot (fig 4) . These units exhibited an ongoing activity and responded vigorously to innocous warming, whereas mechanical stimuli of even relatively high intensity were ineffective. In all respects the characteristics of these units were reminiscent of those ascribed to specific warm receptors described in animals29-32 and man. '2 14 The majority of the sensory units with C fibres in monkey cutaneous nerves conformed to the type of receptor described as polymodal nociceptor whereas the occurrence of specific C warm receptors was rare.28 33 These observations accorded well with our results and other data acquired on C fibre receptors in man to date" which also suggest that the majority of the afferent unmyelinated fibres in the skin innervate polymodal C nociceptors. Low The present data and results from other studies3 6 9 11 showed that the most vigorous responses in polymodal C nociceptors were induced by noxious mechanical or thermal stimuli which were felt as intensely painful. The findings that enhanced reactivity of heat-sensitised C nociceptors was associated with hyperalgesia'3 and that blocking of C nociceptor responses by a topical anaesthetic reduced the perception of noxious skin pain35 lend further support to the idea that activity in polymodal C nociceptors is accompanied by pain. It should be recalled, however, that the bulk of evidence suggests that also other elements within the sensory spectrum are important for pain perception.29 [36] [37] [38] Stimuli which excite C nociceptors will usually also evoke impulses in thick and thin myelinated fibres. The fact that a few impulses in C nociceptors induced by electrical or mechanical stimuli may be perceived as nonpainful6"12' could be due to simultaneous activation of Aa/3 fibres. Sometimes low frequency activity in the polymodal C nociceptors was corre-lated with a slightly itching pain sensation suggesting that C nociceptors may contribute also to the sensation of itch." 13 A number of investigations where data from studies on animals were combined with psychophysical experiments in man suggested that the nerve signals perceived as warmth were mediated via C fibres.28 These previous results accorded well with evidence from preferential nerve blocks in man339 indicating that not only pain but also warmth and heat are transmitted through C fibres. 
